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ABSTRACT 
Objectives of  thi s  study were to measure the effects of  three 
peel ing methods on the recovery of water-soluble pigments from peels  of 
two lots of table beets using who le  beets as a contro l .  
Red beets are a good source of red pigments which are natural 
pigments and can replace artifi cial dyes and lakes avai lable on the 
market and those which have been restri cted . 
Two lots of red beets were peeled by three peel ing methods and the 
peel s were used for analysis of water-soluble red and yel low pigments in 
the beets . Vulgaxanthin-I recovery (ye l low pigment) was not affected 
by the pee l ing methods . Betanin recovery (red pigment) was affected by 
the pee ling methods and the lye peel ing method gave less recoverable 
betanin than the other two methods . The amounts of pigments recovered 
from brushed and sl ipped peels were not signi fi cantly different from 
amounts recovered from blanched whole beets. 
i i i  
TABLE OF CONTENTS 
CHAPTER 
I. INTRODUCTION 
II. LITERATURE REVIEW 
Pigments in the Red Beet 
Pigments Betanin and Vulgaxanthin 
Color Stability of Betanin • . . . • .  
Changes During Growth and Processing 
History of Betacyanin Isolation 
Betalaines as Food Colorants 
III. MATERIALS AND METHODS 
Source of Raw Material . 
· -------------
Recovery of Betanin and Vulgaxanthin 
Blanching and peeling of beets 
Extraction and centrifugation 
Spectrophotometric measurement 
Calculation of Absorption and Concentration of 
Pigments . . . . . . • . 
Total Solids Determination . 
Statistical Methods 
IV. RESULTS AND DISCUSSION . 
Total Solids Determination . . 
Effects of Lots on Amount of Pigments Recovered 
iv 
PAGE 
1 
3 
3 
6 
8 
g-
11 
13 
17 
17 
17 
17 
18 
18 
19 
21 
22 
23 
23 
23 
CHAP TER 
v 
PAGE 
Effects of Peeling Methods and Whole Beets on 
Recovered Pigments . . • . . • . . . • • 28 
Absorption Spectrum of the Solution from each Peeling 
Method 32 
V. SUMMARY 
REFERENCES 
VITA . • . . 
38 
40 
45 
LIST OF TABLES 
ThB� P�E 
I. Hunter Color Reflectance Values of Food Products Colored 
with Betalaines Compared to those of Conventionally 
Colored Samples • . . . . . • . . . . . . . • . 16 
II. Total Solids from Peels and Whole Red Table Beets 24 
III. The Amount of Betanin and Vulgaxanthin-I Recovered from 
Red Table Beets . . . . . . . . . . . 25 
IV. Analysis of Variance of the Effect of Variations of 
Peeling on the Recovered Betanin from Beet Peels . 
V. Analysis of Variance of the Effect of Variations of 
Peeling and Lots on the Recovered Vulgaxanthin-I from 
Beet Peels . . • 
VI. Summary of Means and Significance of Difference for 
Recovered Betanin 
VII. Summary of Means and Significance of Difference for 
Recovered Vulgaxanthin-I . . • . . . . . . . . . . 
vi 
26 
27 
29 
31 
LIST OF FIGURES 
FIGURE PAGE 
1. Structures of Naturally Occurring Betacyanins in Red Table 
Beets 
2. Structure of Naturally Occurring Betaxanthins in Red Table 
Beets 
3. Absorption Spectrum of Solution from Brush Peeled, Slip 
Peeled and Blanched Whole Beets 
4. Comparison between the Absorption Spectra of Beet Juice and 
5 
7 
33 
Pure Betanin + Vulgaxanthin-I . . . . . . . . 34 
5. Absorption Spectrum of the Solution from the Lye Peeled 
Method . . . . . . . . • . . . . . . . . . . . 35 
vii 
CHAPTER I 
INTRODUCTION 
Color in foods is one of the most important attributes  to 
consumers and i s  subjected to great changes that are not easi ly 
controlled . The use of arti fi cial dyes and lakes in food has been 
restri cted. This leads to a wide interest in uti lization of natural 
colorants ,  with special interest on water soluble  red food colorants .  
Red beet (Beta vulgaris L.) pigments consist of red-violet 
betacyanins and ye l low betaxanthins , which are soluble in the ce l l  
sap .  These  pigments are responsible for the co lor i n  beets. They are 
collectively known as betalaines .  
The stabi l i ty of color in red pigmented beets during preparation, 
processing and s torage is affected by many factors . Also separation 
and puri fi cation of  these pigments are accomplished by di fferent 
chemi cal methods by which pure betanin is obtained . Beet pigments have 
been tested in manufactured food products as a colorant and resul t s  are 
promising because of high concentration· of pi gments . In addition , 
concentrated and dried beet jui ce are permi tted as color additives 
li sted for food uses under the 1960 Color Additive Amendment (2) and 
are available commercial ly . 
Beets are good sources of food colorants ,  but the beet peels are 
di scarded during canning and processing as a was te product . Beet 
peels also contain the pigments betacyanins  and betaxanthins as wel l  as 
the internal tissues . 
1 
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This study investigated the recovery of a usable water-soluble red 
colorant from beet peels as affected by three methods of peeling. The 
peeling methods sought to parallel commercial operations. Since 
commercial beet colorants are produced from whole beets, whole beets 
were used as a reference sample for comparison. 
CHAPTER I I  
LITERATURE REV IEW 
I .  P IGMENTS IN THE RED BEET 
The first work on the beet pigments appears to have been performed 
by Schudel in 1918 , working with Wi l l st�tter, who isolated the pi gments 
as the picrates and,  bel ieving them to be a single , pure compound , 
adduced an empirical formul a (34) . He report ed that the red pigment of 
beets (Beta vulgaris L . )  is associated with nitrogen , and thus differs 
from the common water-soluble red pigments known as anthocyanins . The 
red pigments of  beets were s imi lar to the anthocyanins in that they 
contained a s accharide (glucose)  and displayed di fferent solubi lities 
in various solvents . These l ast two observations prompted Schude l to 
cl ass i fy the red pigments of the beet as an anthocyanin , and to name it 
"betanin" and its sugar-free moiety "betanidin . "  Studies by many 
researchers fail ed to establish a structural formul a  for betanin and 
aroused suspicions that betanin might not be an anthocyanin . In 
addition to containing ni trogen, betanin was shown to differ from the 
anthocyanins of known structural formul a in that betanidin was not 
stable  after aci d  hydrolysis  as are the anthocyanidins,  and the alkali 
degradation of  betanidin did not yield phl oroglucino l and organic 
acids (1 , 31 , 32) . 
The term betacyanin was introduced by Schudel (34) as the name for 
the red-violet pigments in beetroot. The term betalains was introduced 
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by Mabry and Dreiding (16) for the class of colored substances 
containing both the betacyanins, red pigments, and betaxanthin, yellow 
pigments. They are soluble in the cell sap and their structures are 
completely different from the anthocyanins and the flavonoids present 
4 
in most other plants. According to Peterson and Joslyn (26) betanin is 
a pyrrole pigment and not a nitrogenous anthocyanin. 
It was not until 1957 that Wyler and Dreiding succeeded in 
obtaining pure crystalline betanin, and thus the final structural 
determinations (44). By means of combinations of different methods, 
alkaline degradation, UV-spectrophotometry, N.M.R. and mass spectros-
copy, and electrophoresis, Dreiding and co-workers arrived at a 
compound with the molecular formula c24 H26 o13N2, which had three 
carboxyl groups, two of which had pk = 3. 4 upon titration with alkali a 
and a quaternary nitrogen atom with a weak positive charge neutralized 
by the carboxyl group in the two position. This gives the pigment 
amphoteric properties (8,44,45,46). The structure of betanin is shown 
in Figure 1. 
After 1961, research into the red beet pigments has given rapid 
results. The structure of betanidin was established in 1962 (18). 
Absolute configuration for betanin and the epimeric form, isobetanin, 
was presented in 1965 (29, 42). 
The first betaxanthin was isolated by Piatelli and Minale in 196 3 
and the absolute configuration of this pigment was established the 
following year (13, 27). The betaxanthins, yellow pigments, which 
often occur together with the betacyanins, have attracted considerably 
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Figure 1. Structures of Naturally Occurring Betacyanins in Red 
Table Beets (44). 
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less interest. According to the nitrogenous anthocyanin theory the 
betaxanthins should have a flavonoid structure. However, they react 
negatively to an Erdman test and upon electrophoresis they migrate as 
negative ions down to pH 2. 4 (24) . This excludes flavonoid structure 
(24) . The same group of researchers determined the structure of two 
betaxanthins in beetroot in a similar way and named them vulgaxanthin- 1 
and -II as seen in Figure 2. 
II. PIGMENTS BETANIN AND VULGAXANTHIN 
Wyler and Dreiding (45) and Wyler and others (46) found that 
betanin is the major betacyanin in beets. It accounts for about 75 to 
95% of the total betacyanin content, and the remainder is made up of 
small amounts of isobetanin, prebetanin, and isoprebetanin. These same 
workers showed that prebetanin and isoprebetanin are sulphate monoesters 
of betanin and isobetanin, respectively. Betanin was found to be the 
glucoside of betanidin and isobetanin is the C-15 epimer of betanin (43, 
46) . Betanidin contains in its structural formula three carboxyl 
groups, two phenol groups, and two asymmetric carbons at C-2 and C-15 
positions. It is easily isomerized in the C-15 position to isobetanidin 
under acid or basic conditions in the absence of oxygen (15, 39) as 
seen in Figure 1. 
Vulgaxanthin-1 and vulgaxanthin-11 are the major yellow pigments 
in the beet. Vulgaxanthin-1 contains the amino acid glutamine and 
vulgaxanthin-11, glutamic acid (14, 15, 24). The structure of vulgaxan­
thin-1 and -II is similar to the structure of betanin in that it has 
COOH 
Vulgaxanthin-1 
7 
X: lf l4 AcooH HOO 15 N 12 16 I H 
Vulgaxanthin- 1 1  
Fi gure 2 .  Structure o f  Naturally Occurring Betaxanthins in Red 
Table Beets (27) . 
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three carboxyl groups and the same quaternary nitrogen atom with a 
weak positive charge. It also has amphoteric properties similar to 
betanin. No phenol groups could be demonstrated, and no sugar was 
obtained upon hydrolysis (27) as seen in Figure 2 .. 
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Vulgaxanthin-I makes up 95% of the betaxanthins (24) . Under 
alkaline conditions, conversion of betacyanin to betaxanthins is 
possible by adding glutamine or glutamic acid to a solution of betanin. 
Adjusting the pH to 9 with lN NH4 OH results in the production of 
vulgaxanthin-I or -II (24, 28) . 
III. COLOR STABILITY OF BETANIN 
It is generally recognized that several factors affect the 
stability of color in red pigmented foods during preparation, process­
ing and storage. These factors include heat, pH, light, presence or 
absence of oxygen, metals and other chemicals (40) . 
When solutions of betanin pigment were heated for various times, 
the red color gradually diminished and eventually a light brown color 
appeared. The stability of betanin was greatest between pH 4.0 and 
5. 0. The greatest stability was at pH 5. 0 and pH 7 showed the lowest 
stability. The pigment's degradation followed first-order kinetics. 
Heat stability of betanin decreased with an increase in temperature. 
In the range of pH 3. 5 to 7. 0 the spectrum of betanin is unchanged and 
has a maximum at 537 to 538 nm. Below pH 3, the intensity of the 
absorption decreased at the shifted maximum (534 to 536 nm) and a 
slight increase in the 570 to 640 nm region occurred. Increasing the 
pH above 7 caused a bathochromic shift to a longer wavelength with the 
maximum at pH 9 at 543 to 544 nm. The color changed from violet to 
blue, respectively (23, 39, 40) . In a model system, the half-life at 
250°C for betanin at pH values ranging from 3. 0 to 7. 0 has been 
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calculated at 1, 140 ± 100 min. (40) . Betanin is subject to degradation 
by air and light. The presence of air increased the rate of degrada-
tion by 14 ± 0. 5% and light by 15 ± 0. 5% (40) . The increase in rate of 
degradation caused by air and light was 28. 6 ± 0. 5% which indicates 
that these effects are cumulative. Products containing betanin must 
be protected against long exposure to air or light (23, 39, 40) . 
Vilece and co-workers (36) observed that a small amount of oxygen (6%) 
in the headspace of a can of sterilized beet puree was sufficient to 
cause browning near the surface. Addition of Ni+2 had a slight 
stabilizing effect on the color of canned beets, while Cu+2, Fe+2, and 
+3 Fe caused a loss of red color from the liquor and an overall darken-
ing and shifting of hue of beet slices towards orange. All metals 
studied increased the tendency of beets to darken when exposed to air, 
+2 +3 . but Fe and Fe were the most act1ve (12) . 
IV. CHANGES DURING GROWTH AND PROCESSING 
Variations in the color of canned beets appear to be caused by 
several factors; canners of beets are not always able to produce a 
product uniform in color and pleasing to the eye. Much variation in 
color is still found when commercial samples of canned beets are 
examined (12) . Differences of variety and cultural practices affect 
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the color of raw and canned beets. The Detroit Dark Red variety and 
related strains are most commonly used for canning (5, 22) . The roots 
of this variety are more nearly globular and the flesh is darker and 
less purple than the more rapidly maturing fresh market varieties. 
Beets are a cool-region crop, growing best at 15. 6 to 18.3°C. The 
planting schedule in the United States is such as to allow the crop to 
mature in cool seasons (5, 6) . Beets which mature during a cooler 
season have higher betanin content. The average temperatures during 
the 10 days before harvest are believed to be most effective in 
influencing the color of the roots (20) . Soils of different types, 
fertilized and watered in the same manner, produced roots differing 
widely in the amount of pigment present. Great differences in the 
amount of pigments were also produced by fertilizers of varied 
composition and concentration (12, 20) . 
It has been observed that excessive or heavy rains following a 
dry period, during a season of increasing temperatures, have resulted 
in poor color. On the other hand, rain during the late summer or early 
fall, when average temperatures are usually decreasing, has resulted in 
an increase in depth or amount of color. An extra two to four weeks in 
the field in the fall, with the usual amount of rainfall, also usually 
resulted in better color, probably because of some accompanying decrease 
in the temperature (5, 6, 12,20,21) . Red beets become darker as the 
duration of growth increased. This appeared to be due to an increase 
of yellow or orange water-soluble pigments rather than the red pigments 
(12) . 
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Beets are usually stored in slatted bins in cool, well-ventilated 
rooms or warehouses at an optimum temperature of 0 to 4.4°C. They 
should not be piled up too high or they may heat and shrivel or decay. 
Relative humidity should be high to prevent excessive moisture losses. 
Post harvest storage of raw beets for seven days prior to processing 
resulted in darker colored canned beets and an increase of red pigment 
in the liquor (11). 
When beets are steamed or blanched for processing, enzymes should 
be destroyed to prevent black discoloration when cut surfaces are 
exposed to air. Long blanching time causes color to be removed (19, 35). 
After processing, the yellow-orange pigments are not found in the 
spectrum of water-soluble pigments of canned beets. After extraction 
of water-soluble pigments of canned beets, tissue of beets canned 
late in the season is duller and grayer than that of beets canned early 
in the season. It is possible that the yellow-orange pigments become 
water-insoluble and precipitate in the tissue of beets during process­
ing (12). Increased duration of retort process treatment produced 
loss of intensity of color and a pronounced shift of hue towards orange 
in beets and liquor, in addition to a lowering of the pH of the 
liquor (12). 
V. HISTORY OF BETACYANIN ISOLATION 
Interest in the red-violet betacyanins was stimulated as early as 
the 1860's when European wine-makers enhanced the market value of red 
wines by deepening their color with beet and pokeberry juice. A 
number of investigators attempted to isolate a betacyanin pigment by 
precipitating the pigment from an aqueous alcoholic extract of the 
berries of phytolacca decandra (8). 
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In 1918, Schudel (15, 34), a student of Willstatter, the first 
major investigator of anthocyanins. obtained impure preparations of the 
beet pigment, which he called betanin. He dried slices of beets and 
extracted with methonolic hydrochloric acid and precipitated the 
pigments with ether. 
In 19 37 Ainley and Robinson (1) investigated the isolation of 
beet pigment. Beet juice itself was allowed to hydrolyze its pigment. 
Glucose was isolated by extraction with iso-amyl alcohol followed by 
precipitation of pigment (betanidin) with light petroleum. They 
designated the pigments as "nitrogenous anthocyanin," an expression 
which described them for thirty years. Pucher. Curtis and Vickery 
(31, 32) also developed a procedure in 19 38 for the isolation of 
betanin. Dried beet slices were extracted with alcoholic hydrochloric 
acid and the pigments were precipitated with the addition of lithium 
hydroxide (LiOH). The lithium salt was dissolved in water and the 
pigment again precipitated with lead acetate. Precipitation with ether 
and recrystallization from water gave an amorphous betanin sample of 
about 70% purity. 
Chmielewska (7) attempted the separation of beet pigments 
chromatographically on alumina. In 1947, chromatographic purification 
on a talc-siliceous earth column into at least eleven colored bands 
was attempted by Aronoff and Aronoff (4). 
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Authentic crystalline preparations of betanin were not obtained 
until 1957, when Wyler and Dreiding (44) and Schmidt and Schmleben (33) 
succeeded almost simultaneously. Following this major advance, both 
groups were able to gain further insight into the structural features 
of this new class of alkaloids. 
Several investigators reported that beet pigments could be 
separated on paper by electrophoresis (16,24,26,30,41 ). 
Nilsson (24) developed a direct method to determine betalains, 
making it possible to estimate the betacyanin and betaxanthin content 
in beets with initial purification and separation. In this method, 
beet extract is centrifuged, acidified, and diluted with a phosphate 
buffer to get measurable absorbances at the maximum wavelength for 
betanin and vulgaxanthin. The amount of betanin in a mixture of 
betanin and vulgaxanthin was calculated using E1
1;m = 1 1 20 for betanin 
� 
and E��m = 750 for vulgaxanthin-I (24, 27, 28). 
In 1972, von Elbe and co-workers (41 ) developed another 
quantitative method to determine betanin and total betacyanin. This 
method involved separation of aqueous extract by electrophoresis, and 
quantification of betanin by determining peak areas obtained from the 
electrophoretograms by densitometry. 
VI. BETALAINES AS FOOD COLORANTS 
Color of foods is an important factor in consumer acceptance. 
Colorants in foods are either natural pigments or artificial dyes and 
lakes. The number of artificial dyes available are very limited, and 
recent investigations into safety of such dyes have further limited 
their availability (25) . 
Maing (23) explored the application of betalains as colorants in 
some food products. He reported the color stability of beet pigments 
in Hunter color reflectance values, L, a,b. He also measured color 
values of soy- protein curd using beet pigment as a colorant. Data 
indicated that a betalain-caramel color mixture could be used as a 
colorant of meat analogs. 
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An additional example of betalaines as a colorant is in frostings. 
Frostings were colored with betalaines pigment concentrations of 10 
and 20 ppm expressed in terms of betanin. The color simulated shades 
of cherry or strawberry as the Hunter color reflectance values 
indicated (23) . 
Von Elbe and co-workers (38) conducted a study on the possible use 
of betalaine pigments as sausage colorants. Samples were prepared 
using a control (no color agents) of bologna and semidry fermented 
summer sausage. Sodium nitrite, sodium nitrate and purified betanin 
were used as color additives. Color measurements were made with a 
Hunter Color Difference Meter and the samples were evaluated for color 
and flavor by sensory evaluation. Results showed that the application 
for betalaines as a colorant in some sausage is feasible. The color of 
betalaine-containing sausages proved to be more stable to light 
exposure during storage than the color of those containing nitrite­
nitrate salts. 
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Use of betalaines as a colorant and color stability of betalaines 
in yogurt, ice cream, and sherbert has been evaluated (25) . Subjective 
and objective color values were measured and, as an example, yogurt 
colored with 45 ppm pigment, calculated as betanin, was judged to 
compare favorably with a black cherry shade. 
Based on absorbance values, betalaines are equal to or greater in 
color strength than artificial dyes (A1
1% = 1 1 20 for betanin vs 460 for em 
FD & C Red No. 2) . Since experimental data have shown the applicability 
of betalaines as colorants in selected foods, commercial application 
will become practical if large-scale purification methods can be 
developed that will allow production of preparations with a high 
pigment content at a reasonable cost (37). 
The data in Table I (37) compares color measurements (expressed as 
Hunter color reflectance values) of samples containing betalaines as 
colorants with those of commercial samples; concentration of betalaine 
is expressed as ppm of betanine. In each case, the color of the 
betalaine-containing sample closely matched that of its respective 
conventional sample. The total color difference, �E, was small, and 
mean visual scores as determined by subjective evaluation showed no 
significant difference. 
TABLE I 
HUNTER COLOR REFLECTANCE VALUES OF FOOD PRODUCTS COLORED WITH BETALAINES 
COMPARED TO THOSE OF CONVENTIONALLY COLORED SAMPLES 
Tan-1 2 
+ b2 
Total Color Mean Score,0 
Sample a L AI BI (ai/br) a Difference, LlE Visual Panel 
Bologna 
Conventional 
(1 56 ppm N02) 53.4 1 1 .4 9.8 49.3 1 5.0 6.8lc 
Betalaine 7.4 
(33 ppm betanine) 46.1 9.5 1 1 .0 41 .0 1 4.5 5.75c 
Meat Colors 
Conventional 
Hamburger meat 40.0 1 8.0 1 0.1 60.9 20.6 
Soy-protein curd + betalaine 3.6 
(2.5 ppm betanine + 2 ml 
caramel/100 g fresh curd) 37.0 1 7.0 8.2 64.5 1 8.8 
Sherbet (raspberry) 
Conventional 55.3 33.0 -2.6 94.5 33.1 4.89d 
Betaine 2.2 
(20 ppm betanine + 1.3 ppm 
bixin) 57.5 33.0 -3.0 95.1 33.6 4.43d 
Gelatin dessert (raspberry) 
Conventional 1 5.5 3.9 0.4 84.1 3.9 4. 72e 
Betalaine 0.9 
(48 ppm betanine) . 15.3 3.0 0.7 78 . 0 3.2 4.74e 
aBologna contains maximum legal level of sodium nitrite/nitrate--1 /4 oz. NaN02 and 2 3/4 oz. NaN03/ 
100 lb. meat (referred to as 1 56 ppm N02); betalaines added are calculated as ppm betanine; bixin added 
as annatto color. 
b1 = least desirable, 7 = most desirable; mean scores followed by the same letter are not 
significantly different at the 1 %  level of probability. 
(Reference 37) 
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CHAPTER III 
MATERIALS AND METHODS 
I. SOURCE OF RAW MATERIAL 
Red table beets, Detroit Dark Red, were planted May 14, and 
grown to maturity on the University of Tennessee Plant Science Farm in 
Knoxville. The beets were harvested August 14, washed to remove soil, 
and stored at 40°C in wooden baskets until used (lot #1) . 
Red table beets, Red Pack variety, were obtained from the local 
farmer's market. The beets were washed to remove soil, and stored at 
40°C in wooden baskets until used (lot #2) . 
II. RECOVERY OF BETANIN AND VULGAXANTHIN 
The direct method of determining betacyanins and betaxanthins by 
Nilsson (24) was followed. There were two lots of beets with three 
peeling methods plus blanched whole beets as a control, and three 
replications of each treatment. For each peeling method, three 
replicates of each lot containing six beets were used for analysis. 
The beets were blanched, peeled and the peels were stored in a freezer 
for final analysis. 
Blanching and Peeling of Beets 
The whole beets were blanched in atmospheric steam for 60 minutes, 
then the peels were removed by brushing the peel with a nylon brush or 
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slipping the peel by hand. For lye peeling, the beets were heated for 
fifteen minutes in atmospheric steam, put in a 5% lye solution for two 
minutes, sprayed with cold water to remove some of the lye, then the 
peels were removed by brushing with nylon brushes. Whole beets were 
blanched for 60 minutes without peeling for a control. 
After each peeling method, the peels or beets were placed in 
plastic bags, weighed and frozen at -30°C until used for analysis. 
Extraction and Centrifugation 
The peels were ground in a Waring blender jar using small aliquots 
of distilled water. The amount of water differed with replications of 
each peeling method. The pH was adjusted to pH 5.0 using lN HCl. The 
pulp was filtered through Whatman #4 filter paper using suction. After 
filtering, the extract was centrifuged at 850 x G for fifteen minutes 
in an IEC #2 centrifuge. The supernatant was retained and the sediment 
was added to the filter residue and reextracted sequentially with water 
to a light pink color. Two 15 ml aliquots of the combined filtrate 
were lyophilized in small sample bottles, capped, then weighed and held 
in a freezer at -l8°C until used. 
Spectrophotometric Measurement 
A weighed amount of lyophilized beet concentrate was dissolved in 
0.05 M P04 buffer, pH 5.0 (Na2HP04 and NaH2 P04) in 10 ml and 25 ml 
volumetric flasks to give measurable absorbances between 0.5 - 1.0 at 
536 nm. The concentration of each solution differed with replications 
of each peeling method. 
The absorption measurements were carried out on a Coleman 124 
recording spectrophotometer in 1 em cells. A solution of each 
replicate was scanned from 350 to 650 nm and the scan was recorded. 
III. CALCULATION OF ABSORPTION AND CONCENTRATION OF PIGMENTS 
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Beet juice from the Detroit Dark Red Beets was used for absorption 
measurements to determine the maximum wavelengths for betanin and 
vulgaxanthin-I and to establish the absorbance ratios needed for the 
Nilsson (24) method. Betanin showed a peak at 536 nm, which is in the 
maximum wavelength range of 535-540 nm for betanin. Vulgaxanthin-1 
gave maximum absorbance of 485 nm. These maxima were used as the 
maximum wavelengths for the absorption measurements of the beet 
extracts from the peels procured by three peeling methods and the whole 
beets. 
Purified betanin was prepared according to the nethod of von Elbe 
(41). The absorption of betanin in phosphate buffer at 485 nm and 
600 nm in relation to the absorption maxima at 536 nm was determined. 
The quotients A536tA485 and A536tA600 were calculated and used later 
for the calculation of betanin and vulgaxanthin-1 concentrations. 
The calculation of absorption for each sample followed the 
equations used by Nilsson (24). 
x = a - l 
X 
� = 
Where a,  b ,  and c are the absorpti on of the extract at 536 , 485 , and 
600 nm . x i s  the absorption by betanin,  y i s  absorption by 
vul gaxanthin-1 and 6 i s  the absorption of impurities . The absorption 
measurements for the extracts at 536, 485 , and 600 nm were used to 
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cal culate the absorption of betanin and vul gaxanthin-1. Thi s  was done 
because Nils son (24) reported that betanin absorbs at 476-478 nm, which 
is not constant at these wavelengths and varies with concentration . 
Vulgaxanthin-1 does not absorb at 538 nm, which means that the absorption 
of a mixture at 538 nm only depends on the amount of betanin present . 
After the absorption was calculated, the amounts of betanin and 
1 em vul gaxanthin-1 in beet concentrate were calculated using the E = 1120 
for betanin and E1 em = 750 for vul gaxanthin-1 (27 , 28). 
1% 
1% 
Then, the 
amount of betanin and vul gaxanthin-1 was cal culated per gram of peel 
using the following outl ine: 
I .  Amount of Betanin and Vulgaxanthin-1 (Wet Basis) 
llg betanin/ml = 
(Ca lculated Absorbance of betanin) (104) 
Extinction Coefficient Betanin (27, 28) 
(Calculated absorbance of  
vulgaxanthin-1) (104) llg vul gaxan thin/ml - -�E-x-tl!'-in_c_t _1::-. o
-n�C::-o
- e""'! f�f::::i
'-
c-: i -e·n- t-
vulgaxanthin-1 (27 ,  28) 
(1) 
(2) 
II. Betanin Per Gram Peel 
�g betanin/mg beet cone. = �g betanin x ml of solution ml solution mg beet cone. 
mg beet conc./g pe el 
ml of extract �--��������� x beet cone. 
= ml of sol'n lyophilized 
Total wt. of peel (g) 
�g betanin/g peel _ �g betanin
 x mg be et cone. 
mg be et cone. g peel 
Dry Basis 
�g betanin/g peel = �g betanin (wet)/g peel total solids/g peels 
Convert answer to milligrams per gram peel. 
III. Vulgaxanthin-1 
Calculate d same as betanin except values for vulgaxanthin-I 
were used. 
IV. TOTAL SOLIDS DETERMINATION 
Beet peels were analyzed for total solids content by using the 
vacuum drying method (3) . One to two grams of sample were dried in 
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(3) 
(4) 
(5) 
(6) 
triplicate for each peeling method at 60°C for 24 hours at a vacuum of 
381-508 torr to obtain constant weight. Results were expressed as 
percentage of total solids. 
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V. STATISTICAL METHODS 
Data were subjected to analysis of variance as a 4 x 2 factorial 
experiment in a randomized complete block design with three replicates . 
. 
Means of each peeling method were compared by the Duncan's Multiple 
Range Test for least significant difference at the 1% level (9) . 
CHAPTER IV 
RESULTS AND DISCUSSION 
I.  TOTAL SO�I DS DETERMINATION 
Total solids determinations indicated that the lye treated peels 
had less solids compared to other peeling methods. The variation in 
the mean total solids was not great , but there was an indication of 
l ess solids. Beet peels not treated with lye and blanched who le beets 
contained 10 to 16% total so lids , whereas , lye treated peels contained 
7-18% total solids as il lustrated in Table I I. 
Variations could be due to smal l sample  size used for each 
replicate. Also,  some samp les could have lost moisture after removal 
from beets.  Time may have influenced the amount o f  moisture between 
each weighing period and the vacuum oven . 
I I. EFFECTS OF LOTS ON AMOUNT OF PIGMENTS RECOVERED 
The amount o f  betanin and vul gaxanthin recovered from each lot 
varied depending on the pee ling method. The amount of betanin and 
vulgaxanthin- I recovered is shown in Tab l e  I I I  on a dry weight basis. 
The analysis of variance summaries of the effects of peeling methods 
and lots on the recovery of betanin and vulgaxanthin- I are shown in 
Tables IV and V. There was no significant difference between lots on 
the recovery of betanin and vul gaxanthin- I. Lusas et al. (12) reported 
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TABLE II 
TOTAL SOLIDS FROM PEELS AND WHOLE RED TABLE BEETS 
Method Lot Replicate Total Solids (%) 
Lye Peele d 1 1 7.90 
2 13.24 
3 7.05 
2 1 7.79 
2 18.66 
3 7.88 
Brush Peele d 1 1 10.57 
2 15.11 
3 14.27 
2 1 12.56 
2 13.74 
3 17.00 
Slip Peeled 1 1 13.58 
2 12.61 
3 15.06 
2 1 12.57 
2 16.82 
3 16.23 
Blanche d Whole Beets 1 1 13.21 
2 15.94 
3 15.64 
2 1 15.01 
2 16.54 
3 13.19 
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TABLE III 
THE AMOUNT OF BETANIN AND VULGAXANTHIN-I RECOVERED 
FROM RED TABLE BEETS 
•sL& 
Method Lot Replication Betanin Vulgaxanthin-I 
Lye Pe eled 1 1 1. 35 2.50 
2 0. 71 2.67 
3 1. 21 4.80 
2 1 1. 02 2.86 
2 0.38 0.61 
3 1. 31 3.42 
Brush Peeled 1 1 7.31 1.95 
2 4.80 1. 26 
3 7.53 4.74 
2 1 4.49 2.42 
2 4.06 2.10 
3 6.19 2.69 
Slip Pe eled 1 1 3.13 2.37 
2 4.60 3.13 
3 4.84 3.75 
2 1 6.85 3.27 
2 5.59 2.73 
3 4.94 2.19 
Blanche d Whole Be ets 1 1 4.83 3.29 
2 4.86 2.92 
3 3.84 1. 79 
2 1 4.45 1. 51 
2 2.21 0.83 
3 6.88 2.47 
TABLE IV 
ANALYSIS OF VARIANCE OF THE EFFECT OF VARIATIONS OF PEELING 
ON THE RECOVERED BETANIN FROM BEET PEELS 
Source of Variance D. F. ss MS F 
Lots 1 0 . 0035 0 . 0035 0 . 0024 
26 
Methods 3 80 . 0935 26 . 6978 18. 6333** 
L X M 3 8 . 5393 2 . 8464 1. 9866 
Rep/L , M  16 23 . 9244 1 .  4328 
Total 23 111 . 5607 
**Signifi cant difference between methods at the 1% level. 
TABLE V 
ANALYSIS OF VARIANCE OF THE EFFECT OF VARIATIONS OF PEELING 
AND LOTS ON THE RECOVERED VULGAXANTHIN-I FROM BEET PEELS 
Source of Variance D.F. ss MS 
Lots 1 2.7326 2.7326 
Methods 3 1. 8791 0.6264 
L X M 3 5. 7289 1.9096 
Rep/L,M 16 14.1768 0.8861 
Total 23 24.5174 
27 
F 
3.0839 
0.7069 
2.1551 
that the variety would affect the color of fresh beets. In this 
experiment, the varieties did not affect the recovered betanin and 
vulgaxanthin-1. 
III. EFFECTS OF PEELING METHODS AN D WHOLE BEETS 
ON RECOVERED PIGMENTS 
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The amount of betanin recovered was influenced by the variations 
in peeling methods. The analysis of variance summary in Table IV 
indicates that there was a significant difference among the peeling 
methods on the recovery of betanin. Since there was a difference, 
Duncan's Multiple Range test (9) was used to determine differences 
among means. The mean scores of recovered betanin from the three 
peeling methods and whole beets and the standard deviation are shown in 
Table VI. Results indicated that the betanin recovered from the lye 
treated peels was significantly lower than the betanin recovered from 
peels removed by brush or slip peeled or whole beets. There were no 
significant difference between the betanin recovered from whole beets 
and peels removed by brush or slip peeling. Since betanin recovered 
from beets and the peels of beets removed by brush or slip peeling was 
not significantly different from each other, but different from the 
betanin recovered from peels removed by lye peeling, it is evident that 
the color in the peels removed by lye peeling was destroyed by the 
caustic solution. The loss of color may have resulted from the high 
temperature, pH and concentration of the lye solution. The lye treated 
peels were greenish-brown in color compared to the purple-red color of 
TABLE VI 
SUMMARY OF MEANS AN D SIGNIFICANCE OF DIFFERENCE 
FOR RECOVERED BETANIN 
Mean a 
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Peel!ng Methods (mg/ g, dry wt.) Standard Error 
Lye Peeling l.OOb 0.4887 
Blanched Whole Beets 4.Slc 0.4887 
Slip Peeling s. osc 0.4887 
Brush Peeling 5. 7 3c 0. 4887 
a
Mean scores followed by the same letter are not significantly 
different at the 1% level; 6 observations in each mean. 
the peels from brush or slip peeled and whole beets. During the 
laboratory preparation of adjusting the pH of the ground peels in 
distilled water with lN HCl, the color changed to a brownish red. 
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Madsen et al. (19) reported that high concentration of caustic solutions, 
such as lye solution, may destroy the color of beets. The pH of the lye 
solution was very alkaline and the temperature was 90°C, which also 
would account for some of the degradation of the pigments. Maing (23) 
and Nilsson (24) reported that if the pH was above 10, the maximum 
absorption decreased with an increased absorption occurring in the 400 
to 600 nm region, and a rapid change in color to yellow occurred. 
Nilsson (24) also reported that above pH 8.5 betanin rapidly turns 
yellow with increasing alkalinity. Von Elbe et al. (38) experienced 
that when a solution of betanin pigment was heated, the red color 
gradually diminished to a light brown color. Also, in the lye treated 
peels, the vulgaxanthin recovered was much higher than betanin 
recovered as indicated by Table III (page 25) . This could have also 
happened because of the degradation of the red color in the beets. 
Pigment oxidation results in formation of a brown pigment (30). 
However, the amount of vulgaxanthin recovered from the peels was 
not influenced by the variations in peeling. The analysis of variance 
summary in Table V (page 27) indicates that there was no significant 
diff erence among variations of peeling and whole beets on the recovery 
of vulgaxanthin-I. The mean amounts and standard deviations of the 
recovered vulgaxanthin from the three peeling methods and whole beets 
are shown in Table VII. Results showed that the amount of 
TA BLE VII 
SUMMARY OF MEANS AND SIGNIFICANCE OF DIFFERENCE 
FOR RECOVERED VULGAXANTHIN-1 
Mean a 
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Peeling Methods (mg/g, dry wt. ) Standard Deviation 
Brush Peeling 2. 13b 0. 3843 
Blanched Whole Beets 2.5 3b 0.3843 
Lye Peeling 2. 8lb 0. 384 3 
Slip Peeling 2.90b 0. 384 3 
�ean scores followed by the same letter are not significantly 
different at the 5% level; 6 observations in each mean. 
vulgaxanthin-I recovered from the three peeling methods and whole 
beets was not significantly different. Therefore, the amount of 
vulgaxanthin-I recovered was not affected by the peeling methods. 
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There were no significant interactions found among variations of 
peeling methods and whole beets on the recovery of betanin and 
vulgaxanthin-I as seen in the analysis of variance summaries in Tables 
IV and V (pages 26 and 27). 
IV. ABSORPTION SPECTRUM OF THE SOLUTION 
FROM EACH PEELING METHOD 
A dilution from each replicate of the peeling methods except for 
the lye peeled method was scanned from 350 to 650 nm. There was no 
difference in the absorption spectra of the solutions from the brush 
peeled, slip peeled, and whole beets. Figure 3 is a composite of 
spectra from these three materials. The spectrum from the extract of 
peels removed by brush peeling, slip peeling and whole beets was 
similar to the absorption spectrum reported by Nilsson (24) as 
illustrated by Figure 4. The spectrum of the solution from each 
replicate of lye treated peels did not show a definite peak at 536 nm, 
which is the maximum wavelength for betanin. The spectrum is illustrated 
in Figure 5. The scanning was from 260 to 650 nm with the absorbance 
range 0-2 instead of 0-1 used for the solution from brush peeled, slip 
peeled, and whole beets. Also, the absorbance peaks were at a different 
wavelength than the wavelength for vulgaxanthin and betanin in the 
spectrum reported by Nilsson (24). Two peaks were evident at 330 nm 
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Figure 3. Absorption spectrum of solution from brush peeled, slip 
peeled and blanched whole beets. 
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Figure 4. Comparison between the absorption spectra of beet juice 
and pure betanin + vulgaxanthin-1 (the dotted curve). Nilsson (24) . 
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Figure 5 .  Absorption spectrum o f  the solution from the lye pee led 
method . 
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and 430 nm. Pigment degradation to undetermined compounds was indicated 
by the different maxima compared to Figure 4. Some type of material 
was absorbing in the solution, but it cannot be assumed that it was 
betanin or vulgaxanthin-1 because the maximum wavelengths were shifted. 
Commercially, peels are removed from beets using one of three 
variations of peeling in this study, then discarded. Since the peels 
of the beet contain betacyanins and betaxanthins, they could possibly 
be an alternate source for obtaining betanin. Betanin has been used 
as a colorant in food. Many researchers have experimented using 
betanin in reference to dyes and lakes which have been accepted by 
consumers. Color is one of the most important factors to consumers in 
acceptance of food products. Beet powder is a color additive listed 
for food use under the Color Additive Amendment of 1960 (2). Betacyanins 
are found in the edible tissue, peel and stem of the red beets. Betanin 
is the major pigment of the betacyanin obtained by many quantitative 
methods. Commercial samples on the market consist of beet juice and 
beet concentrate from whole beets. 
In this study, the peels obtained from lye treated beets showed 
degradation of the pigments. The color of the peels was a greenish­
brown instead of the red-violet color exhibited in the peels from 
brush peeling, slip peeling and whole beets. The peels from brush 
peeling and slip peeling could be good sources for a colorant because 
there was not evidence that the pigments underwent degradation as the 
pigments in the lye peeling peels. Beets peeled by lye will have less 
red color in the peels, because the high pH, temperature, and 
concentration will cause destruction of the pigments. 
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This study indicates that the peels do contain the betacyanins 
and betaxanthins which are the pigments in edible tissue, and if 
peeled properly to prevent degradation of pigments, can be used as a 
source of colorant. The brush or slip peeling method had no effect on 
the recovery of betanin. The yield of recovered betanin was not 
significantly different from the recovered betanin from whole beets. 
With a greater demand for natural colorants, betanin from beet peels 
could be a usable source for a red food colorant. 
CHAPTER V 
SUMMARY 
This experiment was designed to study the effects of variations in 
peeling on the recovery of betanin and vulgaxanthin-1 from the peel of 
red beets and to compare the amounts recovered to the amounts in whole 
beets. The pigments in beetroot consist of red-violet betacyanins and 
yellow betaxanthins which comprise up to 95% of the pigments. 
Beet juice was extracted from beet peels obtained by three variations 
of peeling and from whole beets. A.spectrophotometric method was used 
to measure absorbance and the amount of betanin and vulgaxanthin-1 
recovered was calculated. 
The varieties did not influence the recovered betanin and 
vulgaxanthin-1. Also the amount of vulgaxanthin-1 was not affected by 
the three variations of peeling. 
However, betanin was affected by one peeling method in which the 
beets were immersed in a 5% lye solution before peeling. There 
was a degradation of red color which accounts for the decrease in 
betanin recovered. When the beets were brush peeled or slip peeled, 
the amount of betanin and vulgaxanthin-1 recovered was not significantly 
different from that recovered from whole beets. 
The degradation of the pigments was shown in the absorption 
pattern as a dilution of solution from lye treated peels was scanned. 
Two absorbance peaks were evident, one at 330 nm and another at 430 nm. 
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Commercially, betanin is obtained from the whole beet in the form 
of beet juice or beet concentrate. Since betanin is found in the 
edible tissue, peel and stem of red beets, this study investigated the 
recovery of betanin from red beet peels. Peels from beets brush 
peeled and slip peeled would be a good source for obtaining betanin as 
a colorant. Peels from beets lye peeled wouldn't be a good source 
because of the degradation of pigments. Beet peels could be an 
alternate source for obtaining betanin if the pigments do not undergo 
degradation during processing of beets. 
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